[1] Latitudinal variations in mesozooplankton biomass and composition were investigated along an equatorial transect (8°S-8°N, 180°) in October-November 1996. This study also included intensive sampling (3-hour intervals for 48 hours) for diel variations in mesozooplankton vertical distributions at 3°S and the equator. Most of the study took place in the high-nutrient, low-chlorophyll (HNLC) area that stretched between 7°S and 5°N. Mesozooplankton latitudinal distributions were influenced by the passage of a tropical instability wave during the equatorial time series station, which brought lower mesozooplankton biomass from the northeast, contrasting with the lack of a similar effect on concentrations of phytoplankton and particulates. South of the equator, the distributions of the mesozooplankton showed variable patterns with respect to chlorophyll and surface nitrate concentrations that could be ascribed to different states of the HNLC ecosystem. Very low diel variations of mesozooplankton biomass in the 0-50 and 0-100 m depth strata, a shallow vertical distribution, and the dominance of the larger size fraction (500-2000 mm) appear to be typical of the equatorial Pacific HNLC mesozooplankton and contrast with tropical oligotrophic ecosystems. Effects of such characteristics are a low active carbon export and a continuous predatory pressure.
Introduction
[2] The upwelling divergence in the central equatorial Pacific is typically a high-nutrient, low-chlorophyll (HNLC) area, as defined by Minas et al. [1986] . While macronutrients are permanently above uptake saturation concentrations, phytoplankton biomass and production remain low. Interpretations of such a situation involve ''bottom up'' limitation by a micronutrient [e.g., Martin and Fitzwater, 1988; Landry et al., 1997 Landry et al., , 2000 and ''top down'' regulation of the food web steady state [Cullen et al., 1992; Frost and Franzen, 1992; Price et al., 1994; Armstrong, 1994; Landry et al., 1995; Rollwagen Bollens and Landry, 2000] . Organisms of the mesozooplankton (200 -2000 mm size-class) [United Nations Educational, Scientific, and Cultural Organization (UNESCO), 1968] contribute a small proportion of the grazing on phytoplankton in the equatorial Pacific HNLC region Dam et al., 1995; Roman and Gauzens, 1997; Rollwagen Bollens and Landry, 2000; Gaudy et al., 2003] because the dominant picoplytoplankton and nanoplytoplankton are typically too small for their direct consumption. Nonetheless, they may contribute to the steady state, by regulating stocks of micrograzers or large algae. In this regard, however, it appears that the biomass of mesozooplankton can vary with respect to the biomass of lower trophic levels due to the poleward evolution of the equatorial ecosystem [Vinogradov, 1981; White et al., 1995] or to variations of hydrography and circulation. These may reflect different states of food web development and maturity, variable inputs of micronutrients such as iron [Rollwagen Bollens and Landry, 2000] , or transient impacts associated with the passage of Tropical Instability Waves, TIW Barber et al., 1996] .
[3] The EBENE cruise of R/V L'Atalante (21 October to 20 November 1996) aimed at describing and understanding the effects and modalities of food web interactions in the HNLC area along the 180th meridian [Le Borgne and Landry, 2003] . Studies on the mesozooplankton aimed at estimating their biomass, production and grazing for comparison with other compartments of the food web, namely autotrophs and microzooplankton, at every degree of latitude between 8°S and 8°N. At two latitudes, an important sampling and experimental effort was put on mesozoo-plankton biomass and metabolic rate diel variabilities during two 5-day time series stations located at 3°S (TSS1) and the equator (TSS2). While their metabolism and feeding are considered by Gaudy et al. [2003] and Champalbert et al.
[2003], we report here on their biomass and elemental and taxonomic compositions. We will show that mesozooplankton features observed during EBENE are typical of the equatorial Pacific HNLC region and contrast with those of oligotrophic tropical regions. In addition, a fortuitous TIW passed during the equatorial station, TSS2 [Eldin and Rodier, 2003] , and induced changes in the mesozooplankton. These will be described and tentatively interpreted.
Material and Methods
[4] Mesozooplankton (200-2000 mm) were sampled at 1°latitude intervals between 8°S and 8°N. For diel variation studies at the two time series stations (3°S and the equator), samples were collected over 48 hour periods at 3-hour intervals (0000, 0300, 0600, 0900, 1200, 1500, 1800, and 2100 LT). Zooplankton diel variability studies followed 48 hours of hourly CTD-rosette sampling [Le Borgne and Landry, 2003] . Samples were taken vertically with two kinds of nets fitted with 200-mm mesh: triple WP-2 nets [UNESCO, 1968] and the Hydrobios multiple plankton sampler, MPS II [Weikert and John, 1981] . The WP-2 nets were fitted with a depth recorder and two TSK flowmeters and used to sample the water column within the 0 -100 and 0 -400 m depth intervals. With the MPS II, five nets with independent Hydrobios flowmeters could be opened and closed successively using remote controls in the shipboard laboratory, thus allowing a finer resolution of vertical distributions. The MPS II nets were generally fished within the 0-50, 50-100, 100-150, 150 -200, and 200 -400 m depth strata.
[5] Zooplankton biomass was determined from samples collected by the MPS II net. These samples were rinsed and dried (60°C, 24 hours) on shipboard and deep frozen until being dried again and weighed for dry weight (DW) in the laboratory. Ash-free dry weight (AFDW) was measured on the samples after they had been combusted at 550°C for 1.5 hours. DW or AFDW are reported as depth-integrated values per m 2 of sea surface.
[6] The following measurements were made on samples from the triple WP-2 nets. The size structure analysis consisted of sieving the samples through 2000 and 500 mm metal grids, thus giving two size classes: 200-500 and 500-2000 mm. Elemental composition was measured on samples originating from one of the three nets, ground in a Potter dish, diluted in deionized water, poured into 100 ml aluminium boats, dried for 24 hours at 60°C, and stored in a deep freezer. In the laboratory, they were dried again, weighed for DW (±0.001 mg) and processed for elemental analysis. Samples for carbon and nitrogen were analyzed in a Perkin-Elmer 2400 CHN analyzer while those for phosphorus were processed by the wet oxidation technique using the method of Menzel and Corwin [1965] . Elemental composition data are expressed as percentage contributions of C (%C), N (%N) or P (%P) to DW.
[7] The main taxa were counted on samples preserved in 10% buffered formaldehyde, one year after the cruise. The whole sample was counted and sorted to major taxa, except for copepods which were fractionated with a bulb [Frontier, 1972] and counted on 1/10th of the whole sample. For two 0-100 m samples (at 6°S and 0°), each sorted taxon was collected on a filter, dried and weighed for DW (±0.001 mg). The mean DW individual
À1
of analyzed taxa in the two samples were calculated by dividing subsample DW by the numbers of individuals in the dried subsample. No individual DW was computed for polychaetes and siphonophores which are generally damaged in plankton hauls. For those organisms, DW of all parts collectively were used in the calculation of the weight percent contribution (wt%). For other taxa, wt% was determined from the mean DW individual À1 (determined on the two samples) times the abundance of organisms in that category divided by the sum of the DWs of all taxa. According to Le Borgne and Roger [1983] , the wt% may be considered to be the same for fresh and preserved zooplankton samples, provided that the organisms remained in formaldehyde for more than six months, which was the case for EBENE. Detritus (i.e., particulate debris not directly associated with plankton) were isolated and weighed. They represented 0.18 and 0.28% of the total weight of the two samples devoted to the determination of the individual dry weight. There was no detritus measured in the samples collected at 4 to 8°S, 2°N and 4°N. The main taxa have been grouped into three feeding type categories: protists (i.e., autotrophs and heterotrophs), particle feeders and predators. For most taxa, the trophic status was clear, except for copepods and euphausiids, listed as ''particle feeders'', which included some carnivorous species. Considering the small size of the mesozooplankton and the small number of carnivores in this fraction, both taxa were arbitrarily termed ''particle feeders''.
[8] The nonparametric Wilcoxon test [Snedecor and Cochran, 1967] was used to compare two data sets at a significance level of 5%. CV is the coefficient of variation, i.e., the ratio between the standard deviation (s) and the mean (m) for n samples.
Results

Diel Variations at 3°°°°S and the Equator
[9] At 3°S (TSS1), mesozooplankton biomass was rather steady (CV= 26%, n = 19) throughout the day, except at 1800 when a clear increase was seen (Figure 1 ). Such a peak, which appears in the 0 -50 m layer, was also observed in surface plankton biomass by Champalbert et al. [2003] . According to their observations, it was due to the temporary upward migration of the largest size fractions (500-2000 mm and >2000 mm) from below 50m. In spite of this peak, no significant differences were observed between day and night biomass estimates for the 0 -400 m layer, or for other layers, except 200-400 m. Mean night/day ratios for the 0 -100 and 0 -400 m biomasses averaged 1.10 and 1.06, respectively. Another feature of the mesozooplankton biomass was its shallow distribution, with an average of 61% of the total 0 -400 m biomass in the 0 -50 m layer and 75% in the upper 100 m of the water column (Figure 2) .
[10] The 1800 peak in the 0 -50 m mesozooplankton biomass at TSS1was not observed on the equator (TSS2, Figure 3 ). However, it was still present in the surface plankton which indicates that the surface migrants at the equator originated mainly from within the 0 -50m layer. The coefficient of variation was 25% (n = 17) in spite of temporal variation during the diel study. Thus biomass in the 0 -400 m depth range was higher at the beginning of the diel variation study (between 1500 and 0600, Figure 3 ) than later, likely as the result of the passage of a Tropical Instability Wave, TIW (as discussed in 4.1).
[11] No significant differences were evident between night and day biomass estimates for the sampled depth strata at TSS2, except for a 56% nocturnal increase in the 0 -50 m layer. Mean night/day biomass ratios were 1.37 and 1.16 for the 0 -100 m and 0 -400 m layers, respectively. Mesozooplankton biomass in the 0 -50 m layer averaged 48% of the total (0 -400 m) while the 0-100 m biomass comprised 75% (Figure 4) , as observed at 3°S.
Variations Along the 8°°°S-8°°°N Transect
[12] Since day/night differences in mesozooplankton biomass were insignificant over the 0 -400 m depth range at the two time series stations, we use 0-400 m estimates for comparisons among the transect stations ( Figure 5 ). Such observations, made over a 16-day period, obviously do not represent a coherent ''snapshot'' of equatorial variability. Therefore we focus more on the general features of the mesozooplankton rather than on the influences of equatorial dynamics on latitudinal distributions.
[13] A mesozooplankton enriched area was found between 6°S and 5°N ( Figure 5 and Table 1) , with values near or above 800 mg AFDW m
À2
. The lowest values were north of 6°N, corresponding to an oligotrophic area with a deep nitracline [Eldin and Rodier, 2003 ] and low chlorophyll a [Le Bouteiller et al., 2003] . The mesozooplankton enriched area was smaller than the area with surface nitrate >0.1 mM (7°S-6°N) and the phytoplankton enriched area (8°S-6°N), the latter having its highest values between 4°S and 5°N ( Figure 5 ). The highest mesozooplankton biomasses, however, occurred between 6°S and the equator, all values being within the confidence interval of means for the two time series stations. In other words, the latitudinal distribution of mesozooplankton was different from that of integrated pigments and followed the surface nitrate concentration distribution more closely.
[14] Except at 6°and 7°N, where the 0 -100 m AFDW contributed only 31-38% of the 0 -400 m AFDW, most (60 -96%) of the mesozooplankton biomass of the transect resided in the 0 -100 m layer, with more than 80% at four stations ( Figure 6 ). On average, 56% of the 0 -400 m biomass was found in the 0 -50 m layer along the EBENE transect (except 9 -17% at 6 and 7°N). The size structure was dominated by the 500 -2000 mm size class, which comprised 75% (s = 7; n = 16) of the total (i.e., 200-2000 mm). [15] Rather than considering mesozooplankton AFDW, which is close to organic matter, different units may also be used for comparisons with other standing stocks (e.g., heterotrophic bacteriae, autotrophs, and microzooplankton).
The following section considers contributions of AFDW, C, N and P to DW, which are used in the calculations of biomass values of Table 1 . These contributions vary with the mesozooplankton faunistic composition and therefore Values at 3°S (TSS1) and 0° (TSS2) are likely to vary with depth. The mean contribution of AFDW to DW (%AFDW) in the 0 -100 m samples (74%; s = 6; n = 96) was significantly larger than in the 100-400 m hauls (71%; s = 12; n = 153). The mean contributions of carbon, nitrogen and phosphorus to dry weight were 34, 6.8 and 0.75%, respectively, considering both the 0 -400 m and 0 -100 m hauls, altogether. Mean atomic C/N and N/P ratios were 5.9 and 20, respectively. Because the sample size was small and the 0 -400 m estimates were dominated by 0 -100 m plankton, no significant differences were evident in the elemental compositions of mesozooplankton from these overlapping depth ranges: 37%C versus 33%C for 0 -100 and 0 -400 m hauls, respectively, 7.3%N versus 6.6%N and 0.78%P versus 0.73%P. Nonetheless, we estimated mean elemental compositions of animals in the 100 -400 m water column from %C, N, and P in the 0 -100 and 0 -400 m layers and the contributions of the 100 -400 m strata to total (0-400 m) AFDW m
. Multiplying the DW m À2 times percent elemental composition, we present biomass values in terms of C, N and P for the 0 -100 and 100-400 m depth strata along the transect (Table 1) .
[16] Most of the biomass consisted of particle feeders, which comprised an average of 78% of the DW (range: 71-85%, Table 2 ), with copepods contributing most (mean 65%) to this feeding type category (Table 2 ). Other particle feeders were larval and adult euphausiids (4.9%), pteropods (3.9%), larvaceans (2.0%) and ostracods (1.2%). The predators (16%, range: 9.9-21.6%) included mostly chaetognaths (7.7%), amphipods (2.9%) and siphonophores (2.5%). Protists represented 5.4% (range: 3.0-9.0%) and included phytoplankton (mainly diatoms, dinoflagellates and Trichodesmium; mean:1.4%; range: 0.5 -3.0%) and sarcodine protozoans (radiolarians, acantharians, and foraminiferans). Given the very low contribution of phytoplankton and fish eggs in plankton hauls, we have used the term ''zooplankton'' in the present article.
[17] Since the %AFDW was different in the 0 -100 and 0-400 m layers, we compared the compositions of plankton hauls in the two layers. It followed that the percent contribution of protists was significantly higher in the 0-100 m water column, while ostracods were significantly more abundant in 0 -400 m hauls. No significant differences were Here 0 -100 m hauls.
observed for the other taxa. For 0 -100 m hauls along the transect (Figure 7 ), diatoms were more abundant south of 2°N, and ostracods increased north of this latitude. Pteropods appeared to be less abundant between 0 and 3°N, but the number of observations was low. Finally, there seemed to be no relation between total biomass variations and those of the different taxa in terms of DW m À2 (Figure 5 ), particularly as copepods were concerned.
Discussion
Latitudinal Variations During EBENE
[18] The two most obvious characteristics of the mesozooplankton latitudinal distribution are the asymmetry of their biomass with respect to the equator and the relationship of mesozooplankton standing stock with integrated pigments and even more pronounced, with surface nitrate concentrations ( Figure 5 ).
TIW-Related Asymmetry of Zooplankton Latitudinal Distribution
[19] A marked asymmetry in mesozooplankton distributions, with lower biomasses north of the equator, is apparently an unusual feature since it was not reported by White et al. [1995] for two transequatorial transects along 140°W nor observed along 165°E during periods of upwelling occurrence (from April 1988 to July 1989 unpubl.) . Its occurrence in the present study is likely related to advective changes observed during TSS2, when relatively warm, fresh and nitrate impoverished waters in the 0 -80 m layer moved into the area from the north [Eldin and Rodier, 2003] . Following Flament et al. 's [1996] Figure 2 , this advective feature was the eastern edge of a TIW. We hypothesize that mesozooplankton biomasses were of the same order north and south of the equator before the passage of the TIW, with an equatorial minimum as noted by White et al. [1995] . The higher mesozooplankton biomass observed during the beginning of the diel study (Figure 3 ) was probably related to the salinity front, which had reached the equator 24 hours before (1200 on 5 November) [Eldin and Rodier, 2003] . Northern waters of the rear of the front were mesozooplankton impoverished and reached the equator 21 hours after the beginning of the zooplankton diel study (i.e., 0900 LT, Figure 3) . Such an advective event would not necessarily bring lower pigment concentrations ( Figure 5 ) or particle load (transmissometry data [Le Borgne et al., 1998 ] and aggregate concentrations [Gorsky et al., 2003] ), leading to the observed asymmetry in some cases (mesozooplankton) but not in others such as pigments [Le Bouteiller et al., 2003] or the particle load.
[20] The number of records of TIW effects on the biology is still very small. A situation, similar to EBENE, was described by Roman et al. [1995] for their March -April 1992 study at 140°W. ''Toward the end of the March/April time series, when the meridional currents were to the south, there was a deepening of the mixed layer and increases in integrated chlorophyll a and primary production''. The authors observed a change in the zooplanktonic species assemblage although they did not detect any significant trend in zooplankton biomass. During the October 1992 time series study at 140°W, the opposite situation was described by Roman et al. [1995] with transport from the south linked to the passage of a TIW. From the diagram presented by Flament et al. [1996] , this was probably the leading edge of a TIW. Roman et al. [1995] , Barber et al. [1996] , and Foley et al. [1997] reported a decrease in temperature and higher concentrations of nitrate and chlorophyll a. The increase in zooplankton biomass and the change in the species composition followed with a several day gap. Roman et al. [1995] ascribed this change to latitudinal advection of more mature waters from the south to the equator. From these observations, it is clear that TIWs bring waters from the north (EBENE) or the south, which display different states of evolution of the HNLC ecosystem. During the present study, waters from the north had lower standing stocks of mesozooplankton and a different composition than those to the south: there were more ostracods (Figure 7) , a greater percentage of Canthocalanus pauper, Pleuromamma spp., Corycaeus spp., Oncaea spp., and Copilia spp. and a lower percentage of Undinula darwini and Clausocalanus spp. Table 5 ]. Although pigment concentrations ( Figure 5 ) and particle load changed little, this feature was also associated with higher abundances of protistan autotrophs and heterotrophs >8 mm in cell size [Brown et al., 2003] . In addition, the carbon biomass ratio of mesozooplankton to microzooplankton was lower north of the equator, leading to a greater contribution of microzooplankton to grazing losses [Le Borgne and Landry, 2003 ]. We will just conclude that advection of fresh and nitrate impoverished water from the north during TSS2, corresponded to a clear change in some of the ecosystem characteristics as compared to the situation found south of the equator, without any apparent TIW influence. 
Comparison of Zooplankton, Nutrient, and Pigment Latitudinal Distributions
[21] If the asymmetry in mesozooplankton biomasses can be ascribed to the passage of a northern TIW influence during TSS2, other features appear to the south on the transect ( Figure 5 ). For example, mesozooplankton biomass was the highest on the transect at 6°S, an area where integrated chlorophyll a was relatively low, surface nitrate was still significant (1.2 -1.4 mM) and indices of regeneration (NH 4 and NO 2 maximum) were maximum [Eldin and Rodier, 2003] . These features characterize a more mature ecosystem with more heterotrophs and imply a strong regulation of the phytoplankton biomass, which was not limited by the macronutrients, including silicate, which exceeded 1.5 mM from 6°S to 2°S [Leynaert et al., 2001 , Figure 2] . South of 7°S, low mesozooplankton biomass occurred with pigment concentrations similar to those at 6 and 5°S and surface nitrate concentration of 0.5 mM. Possibly, there was high predation on mesozooplankton at the southern border of the equatorial enriched area, yet still an efficient grazing control of phytoplankton biomass. Although no data on the predators of mesozooplankton (i.e., micronekton) were collected during the cruise, significant predation by micronekton may be reasonably expected. According to echo sounding measurements across the central equatorial Pacific, higher micronekton biomass appears to occur in the southern part of the enriched area [Bertrand et al., 1999] . From such latitudinal variability, we might conclude that the HNLC situation presents itself in various states. At different locations, similar phytoplankton concentrations support variable amounts of heterotrophs, implying different strengths of trophic coupling and grazer regulation.
Main Features of the Mesozooplankton of the Equatorial Pacific HNLC Area
[22] From the two time series studies and the transequatorial transect, the main characteristics of mesozooplankton biomass and composition can be compared to previous studies that considered the equatorial Pacific HNLC zone. These features are integrated biomass, vertical distribution, amplitude of diel variations, and community size structure.
Comparison of EBENE Biomass Values on the Equator With Other Cruises
[23] In spite of TIW effect at TSS2, its mean 0 -400 m mesozooplankton biomass, 1566 mg AFDW m À2 (Table  1) , is slightly lower than, but not significantly different from, the values reported by Le for 0°, 150°W (1720 mg AFDW m
À2
) and for an equatorial transect between 165°E and 150°W (1630 mg AFDW m À2 ). However, the values from TSS2 and Le are higher than those from Roman et al. [1995] at 140°W. When the Roman et al. [1995] Table 1 . A possible explanation for the difference between the two data sets is the methodology. While Roman et al. [1995] and White et al. [1995] sampled with a MOCNESS net in oblique hauls, sampling by Le and at TSS2 was performed vertically with a Hydrobios MPS II net.
Zooplankton Shallow Distribution in the HNLC Area
[24] Compared to oligotrophic waters (6°and 7°N), the HNLC area displays a shallower vertical distribution of the mesozooplankton with 0 -100/0 -400 m biomass ratios ranging from 60 to 96% in the HNLC area vs. 31 to 38% in oligotrophic waters and 0 -50/0 -400 m biomass ratios ranging from 38 to 75% vs. 9 to 17%. Animals below 100 m also appear to have a lower organic matter content than organisms living above 100 m, a result that can be ascribed to the different taxonomic compositions of organisms inhabiting the two layers. However, this difference appears to be only significant for percent contributions of protists and ostracods.
[25] Similar shallow distributions were found by Le for two time series stations in the HNLC zone at 165°E and 150°W, with 0 -100/0-500 m biomass ratios of 71 and 74%, respectively. Considering a more superficial layer, Roman et al. [1995] reported 0 -40 m/ 0-200 m biomass ratios of 40% (day) and 46% (night) for the >64 mm zooplankton from March -April 1992 sampling at 0°, 140°W. In October of the same year, they observed a slightly shallower distribution, with biomass depth ratios of 48 (day) and 55% (night). In transequatorial transects along 140°W, White et al. [1995] observed a shallower distribution ''in newly upwelled waters while biomass was distributed more evenly with depth in the presence of a weak thermocline at higher latitudes''. Such an interpretation would be adequate for the situation south of the equator, where the thermal gradient decreases, but it does not apply to the north where the gradient increases and shallows [Murray et al., 1995, Figures 3 and 4; Eldin and Rodier, 2003, Figure 2 ]. Alternatively, there may be a closer coupling between mesozooplankton and their prey in the HNLC area than in oligotrophic stations of higher latitudes.
[26] Compared to oligotrophic areas, such as the northern part of the EBENE transect (6 and 7°N), food particles in the HNLC region were more abundant and concentrated in the upper part of the photic layer (0-50 m), be they phytoplankton [Brown et al., 2003] , particle load assessed by transmissometry [Le Borgne et al., 1998 ], aggregates [Gorsky et al., 2003] , or heterotrophic protists [Brown et al., 2003] . Interestingly, Rollwagen Bollens and Landry [2000] showed that mesozooplankton responded to an ironstimulated phytoplankton bloom (IronEx II) by moving closer to the sea surface than they had been in the ambient environment. This result is consistent with a strong relationship between prey abundance and depth distribution of the mesozooplankton. Therefore, in the HNLC area, mesozooplankton find their prey in abundance in the superficial layer and would not migrate much, on average, as shown here.
Low Diel Variability
[27] In the present study, there was no significant day/ night variations in the 0 -400 m layer and, even within this layer, the intensive sampling effort made at TSS1 and TSS2, did not reveal any significant diel variations in most cases.
This does not mean that there are none, but indicates that they are small relative to sampling errors and environmental heterogeneity. The mean night/day ratios for the 0 -100 m water column were 1.10 at TSS1 and 1.37 at TSS2. Since the latter value may have been unduly influenced by the change in biomass that occurred between the first and second halves of TSS2 (see Results), we recalculated it, considering the only second half which displayed steadier biomass values. The ratio declined from 1.37 to 1.24.
[28] Such night/day ratios for EBENE are high compared to the range presented by Le for the 0 -100 m equatorial Pacific HNLC area (0.97 -1.07) but under or in the lower limit of the range found by the authors for oligotrophic areas of the equatorial and tropical zones (1.22 -1.82). One difference from the Le study is the sampling frequency: one daytime haul (generally at 0800) and one nighttime haul (generally at 2000) every day versus 4 nighttime and daytime hauls during EBENE. The present study gives a better estimate of diel variations since it takes into account biomass variations at times other than 0800 and 2000.
Origin of the Low Diel Variability: The Specific Composition
[29] Several interpretations of differences in vertical migration intensities may be suggested. First, larger animals generally undertake vertical migrations of greater amplitude than the smaller ones [e.g., Al-Mutairi and Landry, 2001; Madin et al., 2001] . In the equatorial studies of Roman et al. [1995] at 140°W, for example, the largest size fraction (>1000 mm) exhibited the greatest night/day change with a ratio equal to 1.4 or 2.1 depending on the time series considered. However, a greater percentage of large animals is generally observed at HNLC stations with respect to oligotrophic ones (see below) so that effect of animal size on vertical migration intensity may be counteracted by another influence, such as the steepness of the thermocline, invoked by White et al. [1995] . Its possible effect, however, has to be ruled out in the equatorial area because oligotrophic areas display a strong thermal gradient north of the equator, in the north equatorial counter current, while the mesozooplankton there, displays significant diel variations. Conversely, migrations may be reduced on the equator in spite of a lower thermal gradient due to the shear between the equatorial undercurrent and the south equatorial current. Last, as for the interpretation of the shallow distribution of mesozooplankton biomass, low vertical migrations in the HNLC area could reflect a strong coupling between the mesozooplankton and their prey on a 24-hour timescale. It may be hypothesized that the tight coupling is due to the composition and behavior of the mesozooplankton population, although very few data on the specific composition have been collected for EBENE .
[30] Roman et al. [1995, Table 2 ] found similar generic compositions of copepods in the upper 0 -200 m at 140°W and 105°W, respectively. We thus assume that the HNLC region has a relatively well-characterized mesozooplankton assemblage and use the Roman et al. [1995] results as a reasonable proxy for dominants in the present study. The following conclusions are drawn from personal observations and those of Gasser [1995] , Hure [1961] , Moore and O'Berry [1957] , and Vives [1970] for subtemperate seas. Nauplii, which comprised 39-44% of the total numbers of the Roman et al. [1995] catches, do not migrate below 100 m. Calanoid copepods accounted for 13 -21% of zooplankton abundance at 140°W, with the main genera (>1% of the total number of individuals) being Clausocalanus, Mecynocera, Paracalanus, Euchaeta, Calocalanus, Undinula, Calanus, Lucicutia, and Scolecithrix. Of these, only some species of Calocalanus are possible migrators. Microsetella spp. (90 -99% of the harpacticoids, which comprised 5 -13% of the numbers at 140°W), have shallow distributions and do not migrate. Oncaea and Oithona, the bulk (94 -95%) of the ''cyclopoid'' copepods of Table 2 ] make 23-34% of the total number at 140°W, and do not migrate below 100 m. Within the other taxa listed on Table 2 of the present paper, larvaceans have a shallow distribution whereas ostracods would live mainly below 100 m. Depending on the species, chaetognaths, euphausiids, thecosomatous pteropods, ostracods, siphonophores and amphipods are likely to migrate but make a small contribution to total weight. On the whole, the mesozooplankton assemblage of the HNLC zone seems to be composed primarily near-surface living and nonmigratory species. As a consequence of the shallow distribution and reduced diel migrations of mesozooplankton in the equatorial Pacific HNLC water column, the ''active'' export of carbon from the euphotic zone is relatively low compared to the ''passive'' (or sinking) export [Longhurst, 1991; Le Borgne and Rodier, 1997] and mesozooplankton exert a more continuous predatory pressure on their prey .
Zooplankton Size Structure
[31] The third feature of the mesozooplankton biomass of the HNLC area is the dominance of the large sizes. During EBENE, organisms in the 500-2000 mm size range comprised 75% of the 200-2000 mm AFDW on average, close to Le 's value for HNLC stations (72 -78%). Similar results were found by other authors who considered the equatorial Pacific HNLC area. Roman et al.'s [1995] Table 1 allows the calculation of the same ratio (500-2000/200 -2000 mm) for their two equatorial time series on 140°W: 78% in March -April and 72% in October 1992. The following ratios can be calculated also on data presented by White et al. [1995] for their March and September 1992 transequatorial transects along 140°W: 73-74% for the 5°N-2°S band, 73-76% for 1°N-1°S and 71-77% for 2°-5°S. Such high percentages for the 500-2000 mm size fraction percentage contrast with lower ones in the equatorial Pacific warm pool (68%), according to Le Borgne and Rodier [1997] . Similarly, in the Atlantic Ocean off Mauritania, Gorsky et al. [1995] note more small sizes (and jellies) in their oligotrophic site than in the mesotrophic and eutrophic sites. A larger contribution of larger size-classes to the total mesozooplankton biomass in mesotrophic areas, such as the equatorial Pacific HNLC, may be interpreted as the result of a greater contribution of larger sizes in the autotrophic community in surface nitrate containing areas [Le Bouteiller et al., 1992] . While there is no direct relation between the bulk of the primary producers and most of the mesozooplankton , it remains that grazers of the microzooplankton may be larger on average, and be consumed by larger predators. Therefore different size structures in HNLC and oligotrophic areas as shown by Rodier and Le Borgne [1997] indicate different degrees of complexity of the food-webs, with the latter being simpler in the HNLC system. 4.2.6. Summary
[32] As in other tropical regions, mesozooplankton of the equatorial Pacific HNLC area contribute to the steady state. However, because of different characteristics of the equatorial divergence, namely the increase in phytoplankton average size and biomass, mesozooplankton display particular features of their biomass and composition compared to oligotrophic regions: they are mainly distributed in the superficial layer where their prey are concentrated; amplitude of their vertical migrations is small because of their specific composition, thus leading to a permanent pressure on their prey; they are dominated by the larger size fraction, following the general trend of the food web structure. Such characteristics may be ascribed either to zooplankton populations that are specific to the HNLC area, or to the superimposition of a superficial population to the usual tropical population. Further studies would be required to choose between these two possibilities.
